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[57] ABSTRACT 
A process for making sheets of plastic material of high 
optical quality by casting the plastic material or a mix 
ture of its components on a ?at, moving substrate is 
disclosed. According to the invention, a stable pocket of 
material is formed on the moving substrate upstream of 
the zone at which the plastic material flows from the 
casting apparatus onto the substrate. The material in the 
pocket moves in predetermined paths and leaves the 
pocket to form the lower portion and the edges of the 
sheet. A direct stream of material is simultaneously 
formed downstream of the zone of delivery of the plas 
tic material onto the substrate in a tangential relation to 
the meniscus, to form the upper portion of the sheet. 

17 Claims, 4 Drawing Figures 
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PROCESS FOR MANUFACTURE OF PLASTIC 
SHEETS 

FIELD OF THE INVENTION 

This invention relates to the manufacture of ?lms or 
sheets of transparent or translucent plastic material, 
having high optical quality, by depositing the plastic 
material in fluid form on a ?at surface. 
The invention relates more speci?cally to a new pro 

cess for casting a liquid, for example, a ?uid mixture of 
several reactants, to form a layer of plastic material on 
a ?at, mobile surface. 

BACKGROUND OF THE INVENTION 

Various processes are known for forming a layer of 
plastic material by casting a liquid on a substrate. For 
instance, by forming a ?lm drawn from a meniscus. In 
this case, a meniscus of material is formed and main 
tained by surface tension between the slot of the distrib 
utor of liquid material and the substrate. By subse 
quently moving the substrate, the liquid is continuously 
extracted from the meniscus while the meniscus is con 
tinuously resupplied by the liquid distributor. This pro 
cess requires a relationship between the interfacial ten 
sion between the substrate and the liquid, on one hand, 
and the surface tension of the liquid on the other hand, 
and it cannot be ‘used to deposit liquids which do not 
wet the support. Moreover, with this process, it is par 
ticularly difficult to obtain a deposit of uniform thick 
ness. Further, defects can be caused by minute imper~ 
fections in the distribution slot. These factors militate 
against consistently forming a layer with good enough 
optical quality for use in laminated glazing, for example. 
Another known process involves depositing material 

on a substrate by extrusion of the fluid material. In this 
case, all of the cast material is directly entrained by the 
mobile substrate for layer‘ formation. The ?ow is lami 
nar. It is dif?cult to obtain thin layers, i.e., on the order 
of a few tenths of a millimeter or less in thickness, with 
this technique. 
Another process for depositing material on a mobile 

substrate for layer formation is known. In this process, 
the material forms a head above the substrate which 
spreads in a direction opposite to the direction of ad 
vancement of the substrate. This process permits forma 
tion of a thin, uniform layer, regardless of the wetting 
properties of the cast fluid material. However, the bead 
usually contains dead zones in which the material stag 
nates. This is particularly troublesome when forming a 
transparent layer by depositing a mixture of compo 
nents which react within each other during the deposit 
ing process. In this case, the material which is present in 
the dead zones of the bead is older than the material 
deposited directly on the substrate. Vibration of the 
substrate can cause a disturbance in the bead and its 
stagnant zones and, consequently, possible entrainment 
by the substrate of material from the stagnant zones. 
This results in the formation of a heterogeneous ?lm 
having portions of very different ages, that are in more 
or less advanced stages of polymerization. Optical de 
fects, such as streaks, are then formed and the ?lm can 
not be used in laminated glazing. 

SUMMARY OF THE INVENTION 

Applicants have developed a new process for obtain 
ing a sheet of excellent optical quality and uniform 
thickness, and meeting automobile windshield speci?ca 
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2 
tions, wherein parts have substantially equivalent ages 
across the entire usable width of the sheet. ) ' 

Applicants have determined that a sheet of plastic 
material can be made by casting the plastic material, or 
by casting a mixture of reactive components, on a mov 
able, ?at substrate that advances in a transverse direc 
tion, by forming on the substrate, upstream of the flow, 
a pocket or meniscus of stable material that does not 
have stagnant ?ow zones. In the meniscus, the material 
is in constant movement and ?ows freely, along an 
upper stream, in a direction essentially opposite to the 
direction of advancement of the substrate in order to 
come into contact with the latter and be entrained in the 
direction of advancement, thus forming a lower stream 
that becomes the bottom portion of the sheet forming 
layer. Material in the central portion of the pocket lo 
cated between the upper and lower streams, flows more 
slowly, and principally laterally outwardly, towards the 
edges of the pocket, while a direct How of material is 
simultaneously formed downstream of the zone at 
which the material is delivered to the substrate in a 
tangential relation to the pocket so as to form the upper 
portion of the sheet or ?lm-forming layer. 

In one aspect of the invention, a pocket of material is 
formed on the substrate; its width is appreciably equal 
to the width of the sheet being formed downstream on 
the substrate, its height is greater than the thickness of 
the ?nished sheet, and it exhibits a uniform convex 
curve, especially in a plane parallel to the substrate. 

This process provides a layer, upper and lower por 
tions of which comprise material of substantially uni 
form age across the entire width of the layer, with the 
exception of the edges. The edges contain the material 
that is con?ned for awhile in the pocket between the 
upper and lower paths and the direct flow and that 
gradually escapes therefrom by a transverse movement 
with respect to the direction of movement of the sub 
strate. This material ?ows to the edges of the sheet and 
does not impair the quality of the remainder of this layer 
because it is located in parts of the layer which will 
subsequently be eliminated. 

In another aspect of the invention, a stable pocket of 
material, with the above-described characteristics, is 
formed on a ?at casting substrate in the following man 
ner. As essentially horizontal ?at casting substrate is 
used; its surface adheres partially to the cast material so 
that the movement of the substrate results in the entrain 
ment of material; the substrate is provided with a rela 
tively uniform forward movement; a thin, continuous 
sheet-like stream of material is formed and delivered 
onto the substrate in a direction transverse to the direc 
tion of movement of the substrate, the transverse dimen 
sion of the stream so formed being slightly narrower 
than that of the layer being formed; it is preferable that 
there be a continuous decrease in pressure from the 
center to the lateral edges of the stream so that desired 
?ow patterns within the pocket are achieved; a head 
loss is created to prevent the material from ?owing 
freely downstream; adherence of the cast material to the 
surface of the substrate is controlled so that it is not too 
low, otherwise poor entrainment of the material ensues 
and the pocket has no stability——this results in the for 
mation of lens-like distortions on the surface of the layer 
in contact with the substrate. However, adherence must 
not be too great, otherwise the layer formed after poly 
merization cannot be detached from the substrate or 
might be damaged when detached. 
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As previously stated, according to the invention, a 
portion of the material delivered to the substrate is 
directly entrained by the latter in the direction of move 
ment of said substrate; another portion of the material 
forms the pocket or meniscus, feeding it continuously 
and regularly in order to maintain it in the above 
described state of stability. Casting, in the form ofa thin 
and continuous sheet of material, can be done by means 
of a long and narrow vertical or slanted slot from which 
the substance emerges at a pressure which decreases in 
a uniform manner from the center to the lateral edges. 
In order to create this pressure gradient between the 
center and the edges, the slot can be provided with a‘ 
cross section which gradually narrows toward the 
edges; thus, the flow of material is greater in the central 
portion of the slot than at the edges. The slot can also be 
supplied with material by a single inlet. It is preferable 
that this single inlet be centrally located. In this manner, 
the streams of material will be symmetrical with respect 
to the median plane orthogonal to the casting line. Fi 
nally, the two edges of the sheet which contain the 
material with a longer residence time in the meniscus 
will be of equal size and narrow width. 
The casting slot outlet must be arranged so that the 

sheet-like stream of ?owing material is continuous 
across the entire width of the slot. Too great a distance 
between the slot outlet and the casting substrate can 
cause a break in the continuous sheet and formation of 
thin streams of material, resulting in a loss of stability of 
the pocket. - 

Other characteristics and advantages of the invention 
will appear in the following description, made with 
reference to the ?gures. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the process of the invention and 
shows, in elevation, a section parallel to the direction of 
movement of the substrate, the paths of flow of material 
which is delivered onto the casting substrate. 
FIG. 2 is a plan view of the pocket formed on the 

substrate. 
FIGS. 3 and 4 show two other types of casting de 

vices. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIGS. 1 and 2, the pocket 1 is shown already 
formed and in a stable condition between the substrate 
2 and the distributor of the liquid substance 3. The ac 
tual meniscus or pocket 1 spreads upstream of the cast 
ing slot 4 and comprises two main zones A and B and an 
intermediate zone C. Zone A is formed from a portion 
of the flow of material 5 that comes from the upstream 
side of the casting slot and flows upstream along an 
upper path 6, then comes in contact with substrate sur 
face 7 and is finally entrained along a lower path 8 to 
form the lower portion 9 of the layer 10 being formed. 
The residence time of the material in this zone is on the 
order of a few seconds. 
Zone B comprises primarily material from a central 

portion 11 of the stream 4. In this zone, the material 
flows in a helical or spiral path from the center of the 
meniscus towards each lateral side. The magnitude of 
the rotational movement is progressively reduced as the 
flow nears the edges. The time of transit between the 
center and the edges is several minutes. The material 
issuing from Zone B forms the edges 12 of the layer 10 
(see FIG. 2). 
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A third zone C, of lesser importance, located between 
ZonesA and B, contains material coming from a central 
portion 13 of the stream 4-, vwhich at first follows a path 
that wraps around Zone B. A portion of this flow fol 
lows flow path 16 and acquires the helical motion of the 
material of Zone B. Another portion follows ?ow path 
14 that becomes the intermediate portion 15 of layer 10. 
The residence time of the material that forms Zone C 
and flow path 14, is on the order ofa few seconds from 
the time the material emerges from the slot to the instant 
it forms portion 15 of the layer 10. 
The upper portion 17 of the sheet 10 is formed from 

a direct flow 18 of material coming from the down 
stream side of the casting slot. The residence time of the 
material in flow path 18, from the outlet of the slot to 
the time of formation of later 17, is about one second. 
When the process is implemented with a casting head 

and doctor blade, as shown in the illustration, the doc 
tor blade 19 prevents the material from flowing freely 
downstream and creates a loss of pressure between the 
slot outlet and the downstream extremity of the casting 
apparatus. The doctor blade can also serve as an an 
choring point for the material, at which point the mate 
rial is subjected to attenuation by the moving substrate. 
In this instance, to avoid dead zones, as could be the 
case in Zone D between the slot exit and passage under 
the doctor blade, it is preferable that the boundary sur 
face 20 of the casting head not be at a sharp angle to the 
doctor blade. To accomplish this, a casting device can 
be used, for instance, wherein the boundary surface 20 
of the downstream lip 21 is sloped, as shown in FIG. 3, 
or a device wherein the downstream lip 21 is closer to 
the substrate than the upstream lip 22, as shown in FIG. 
4. 
To stop the cast material from reaching the edges of 

the substrate 2, means such as pads 23 can be used to 
limit the width of the formed sheet. Pads that are an 
integral part of the casting device and which can slide 
on the casting substrate can be used, for instance. 
The central part of the sheet is formed of several 

strata, with the material in each stratum having a uni 
form residence time from the casting slot to the moment 
they form the sheet. Consequently, when they consist of 

' a mixture of components which react to form a poly 
mer, for instance, they can be found in the entire thick 
ness of the layer in closely related stages of polymeriza~ 
tion. Thus, optical defects due to differences in the 
index of refraction are avoided. 
The stability of the meniscus or pocket is fundamental 

to the production of a product of suitable quality. An 
important advantage of the process of the invention is 
that the meniscus, besides allowing production of a 
layer of good optical quality, is also a practical and 
effective means of control. i 

The outer shape of the pocket is indeed dependent on 
the viscosity of the cast material, hence its composition 
and temperature. Its shape is also dependent on the 
speed and temperature of the substrate and the rate at 
which the material is supplied to the substrate. A 
change in the outer shape of the pocket is indicative of 
a change in casting conditions. By maintaining a stable 
convex meniscus, it is possible to ensure production of a 
product of good optical quality. The control in situ 
allows for fast action, should the need arise, to restore 
the proper casting conditions, thus avoiding consider 
able loss of product. 
Adherence of the plastic on the substrate also affects 

formation of a properly shaped pocket. Depending on 
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the type of material cast and the casting substrate, the 
surface of the latter can be treated, prior to casting, with 
adherence primers when the natural adherence between 
the cast material and the substrate is too low or with 
release agents when the adherence is too great. For 
example, organosilanes can be used as primers for cast 
ing of a polymer or a mixture of its components on a 
glass substrate. Stearates, silicones, fluorinated hydro 
carbons, paraffin, waxes, and addition polymers of eth 
ylene oxide can be used as release agents. These same 
products or other suitable products can be used when 
the casting substrate is made of plastic material, metal, 
etc. The substrate surface can be treated by wetting the 
surface with a liquid composition comprising, depend 
ing on the case, the primer or the release agent, fol 
lowed by evaporation of the liquid phase. Different 
processes can be used to apply the treating composition 
to the substrate surface. For instance, ?ow, spray appli 
cation, etc., can be used. 

EXAMPLE 

An example of use of this process is given hereinafter, 
an example in which a layer of a thermosetting polymer, 
namely a polyurethane, is prepared on a flat, mobile 
glass substrate. ‘ 

A flat glass substrate is coated with a solution con 
taining a release agent which can be, for instance, an 
addition product of ethylene oxide with the following 
general formula: R1-—X—(C2H4O),,-—R2 where R] is an 
alkyl radical with about 8 to 18 carbon atoms or an 
alkyl-aryl radical with 6 to 12 carbon atoms in the side 
chain; R2 is one of the following groupings: $03M, 
PO3M2, CO—-CH(SO3M), CO--C6H4——COOM or 
CHZCOOM, M being an alkali metal; X is one of the 
following groupings: 0, COO or COHN; and n is a 
whole number between 1 and 100. 
The liquid phase is evaporated and the temperature of 

the glass substrate is concurrently raised to 70° C. 
The substrate is moved forward at a uniform rate, for 

instance, 2 m per minute, and a mixture of the mono 
mers, given hereinafter and previously degassed to pre 
vent formation of bubbles in the subsequently formed 
layer, is deposited by casting. 

1,000 g of a polyether, with a molecular weight of 
about 450, obtained by condensation of 1,2-propylene 
oxide with 2,2-bis(hydroxymethyl)-l-butanol and with a 
free hydroxy radical content of about 10.5 to 12% (for 
instance, the product sold by Bayer AG under the name 
“Desmophen 550 U”) is mixed with 1,000 g of a biuret 
of 1,6-hexanediisocyanate with a free isocyanate radical 
content of about 21 to 22% (for instance, the product 
sold by Bayer AG under the name “Desmodur 
N/ 100"). 

Prior to mixing the monomers, 23 g of an antioxidant, 
namely 2,6-di(tert-butyl)-4-methylphenol (for instance, 
the product sold by Shell under the name “lonol”), and 
0.5 g of a catalyst, namely, dibutyltin dilaurate, are 
added to the polyether. 
The aforementioned mixture is deposited on the sub 

strate at a temperature of about 20° C., at a viscosity of 
about 800 centipoises, by means of a casting head with 
a relatively long but narrow slot of constant thickness 
with perfectly smooth walls and a wall-to-wall distance 
of a few tenths of a millimeter, in this instance, 0.3 mm. 
This slot is supplied with material under pressure from 
a distribution channel having a central feed. This con 
?guration provides a flow of material in the form of a 
thin and continuous sheet. The casting head used must 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
allow for upstream flow of the material and proper 
pocket formation; it must therefore have a sufficiently 
wide space between its lower portion and the substrate, 
upstream of the slot ori?ce, when in the casting position 
above said substrate, to allow formation of the pocket 1. 
The casting head used can be like one disclosed in 
FIGS. 1 and 2 of U.S. Pat. No. 4,145,173, the disclosure 
of which is incorporated herein by reference. A casting 
head is used in which the downstream lip 22 has a thick 
ness d3 of about 22 mm, while the doctor blade 19 has a 
thickness d4 of about 5 mm and is so provided that its 
lower surface is at a distance d; of about 2 mm lower 
than the lower surface 20 of the downstream lip. The 
material to be cast is supplied to the substrate in a con 
tinuous sheet-like ?ow through a narrow slot. The sup 
ply of material to the slot is via a means having a single 
input located centrally, i.e., medially of the edges, of the 
slot. This results in the flow rate of material in the sheet 
like stream being greatest in a central region, intermedi 
ate the lateral side edges of the slot. 
The desired pocket shape and the different ?ows of 

material, as previously described, are produced by set 
ting the casting head at a predetermined height above 
the substrate; for instance, the distance d1 between the 
doctor blade 19 and the substrate 2 must be about 0.9 
mm for the width of the pocket to be appreciably equal 
to that of the deposited layer. The shape of the pocket 
can be altered by making minor adjustments in the tem 
perature of the substrate. 
The pocket, which is roughly 40—50 mm in length and 

must maintain its shape during the entire manufacturing 
process, must be monitored; the proper shape can be 
maintained, should the need arise, by making a minor 
adjustment in the temperature of the casting substrate. 
In the event the casting composition contains a catalyst, 
the shape of the pocket can be altered by making minor 
adjustments in the concentration of the catalyst in the 
composition. 
The material, ?owing as a sheetthat divides itself into 

separate flows, is then entrained by the substrate on 
which its polymerization continues. A layer of polymer 
ized material of uniform thickness, about 0.5 mm, is 
finally produced. This layer can be readily detached 
from the substrate. After elimination of the edges, the 
layer can be used as a sheet in laminated glazing, for 
instance. 
‘ In this manner, uniform layers can be produced, of a 
width exceeding 1, even 2, meters, which are homoge 
neous over the major portion of their width, with the 
exception of the very narrow edges, and also in a wide 
range of thicknesses, from a few hundredths of a milli 
meter to a few millimeters. 

In accordance with the previous example, the thick 
ness of the formed layer can be determined by the lower 
downstream extremity of the casting device, for in 
stance, by using a casting head equipped with a doctor 
blade. In that particular case, the doctor blade can serve 
as an anchoring point for attenuation of the material by 
the moving substrate. ' 
The thickness can also be determined by the relative 

speed of the substrate in relation to the casting device. 
In accordance with the process of the invention, one 

or more successive layers can be formed by casting on 
a flat surface. A second layer can be deposited on top of 
the ?rst layer, before or after the latter is completely 
polymerized or dried. It is therefore possible to form a 
second layer, for instance, a layer with bonding or adhe 
sive properties, from a thermoplastic polyurethane solu 



4,283,363 
7 

tion, over the thermosetting polyurethane layer pre 
pared in the previous example; a two-ply sheet of high 
optical quality, suitable for use in laminated glazing, can 
therefore be produced. A thermosetting polyurethane 
layer can also be formed on top of a previously cast 
bonding layer. 
An important advantage of the process of the inven 

tion is that the use of leveling agents such as silicone 
oils, urea-formaldehyde resin solutions, phenolic resins, 
cellulosic esters, can be eliminated. These products are 
usually incorporated into ?uid casting compositions and 
provide internal lubrication of the molecules. But they 
can have a deleterious effect on certain properties of the 
formed layer, for instance, a decrease in bonding 
strength, optical quality, etc. By avoiding the use of 
these products, certain variables involved in the manu 
facturing process of the cast ?lms can be eliminated, 
thus resulting in a simpli?ed manufacturing process. 
We claim: 
1. A method for making a sheet of plastic material, 

comprising continuously feeding a thin sheet-like ?ow 
of a liquid ?lm-forming material onto a ?at, moving 
substrate, said sheet-like ?ow being disposed trans 
versely to the direction of movement of the substrate, 
forming a stable pocket of material on the substrate 
upstream from the zone at which the flowable material 
is introduced onto the substrate and controlling viscos 
ity, pressure, flow rate of the material, and degree of 
adherence between the ?owable material and the sub 
strate, whereby all the material in the pocket is continu 
ously in motion, establishing a continuous flow in the 
upper portion of the pocket in a direction essentially 
opposite the direction of movement of the substrate in 
order to come in contact with said substrate and be 
entrained by the latter in the direction of the movement, 
thus forming the lower portion of the sheet-forming 
layer, establishing a ?ow of material forming the central 
portion of the pocket between the upper and lower 
paths that continuously flows in a direction essentially 
transverse to the direction of substrate movement 
towards the edges of said substrate, and simultaneously 
establishing the flow of a direct stream of material from 
the material introduction zone in a downstream tangen 
tial relation to the pocket, in order to form the upper 
portion of the sheet-forming layer. 

2. A method as in claim 1, wherein the pocket has a 
uniform convex curvature, a width substantially equal 
to the width of the sheet formed on the substrate, and a 
height greater than the thickness of said sheet. 

3. A method as in claim 1 wherein: 
the casting substrate is substantially horizontal and 

the surface of which partially adheres to the cast 
material so that the flowable material is entrained 
by the movement of the substrate; 

the substrate moves with a uniform forward move 
ment; 

and further comprising the step of forming, trans 
versely to the substrate, a thin, continuous, sheet 
like flow of the flowable material which is depos 
ited onto the substrate, the width of the flow being 
slightly narrower than the formed layer, the pres 
sure in the sheet-like ?ow decreasing progressively 
from the center to its lateral edges, the amount of 
material coming from the sheet-like ?ow and feed 
ing the pocket being equal to the amount of mate 
rial escaping therefrom by entrainment by the sub 
strate; and 
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8 
creating a pressure drop downstream of the sheet-like 

4. A method as in claim 3, comprising feeding the 
sheet-like flow of material from a single source. 

5. A method as in claim 3, comprising feeding the 
sheet-like ?ow of material from a single, central source. 

6. A method as in claim 3, characterized in that the 
flow rate of material in the thin continuous sheet-like 
material is greater in the center. 

7. A method as in claim 1, wherein the shape of the 
pocket is maintained constant. 

8. A method as in claim 7, wherein the shape of the 
pocket is kept constant by adjusting the temperature of 
the substrate. 

9. A method as in claim 7, wherein the shape of the 
pocket is kept constant by adjusting the viscosity of the 
composition. 

10. A method as in claim 1 wherein the casting sub 
strate is flat glass. 

11. A method as in claim 1 wherein the flowable 
material is a mixture of components which react during 
the casting process to form the plastic material. 

12. A method as in claim 11 wherein the material is a 
thermosetting polymer. 

13. A method as in claim 1 wherein, after a ?rst sheet 
of plastic material is formed on the substrate, a second 
layer of material is cast in a similar manner onto the 
plastic material. 

14. A method of making a thin sheet of plastic mate 
rial from a liquid mixture of components which react 
during formation of the sheet, comprising the steps of: 

providing a ?at, substantially horizontal substrate 
moving at a uniform rate; 

continuously feeding a thin sheet-like flow of the 
liquid mixture onto the upper surface of the mov 
ing substrate with the plane of the sheet-like ?ow 
being disposed transversely to the direction of 
movement of the substrate; 

providing sheet forming means downstream of the 
zone of introduction of the mixture onto the sub 
strate, the sheet forming means extending trans 
versely to the direction of substrate movement and 
controlling the thickness of the sheet formed on the 
substrate; 

forming a stable pocket of the mixture on the sub 
strate extending upstream from the zone of intro 
duction of the mixture, and controlling the viscos 
ity, pressure, and ?ow rate of the material, and 
degree of adherence between the flowable material 
and the substrate whereby all the material in the 
pocket is continuously in motion; 

feeding the mixture to provide a greater flow at the 
center of the substrate then toward the edges 
thereof; 

establishing a continuous ?ow in the upper portion of 
the pocket in a direction essentially opposite the 
direction of movement of the substrate in order to 
come in contact with and be entrained by the sub 
strate in the direction of substrate movement, thus 
forming the lower portion of the sheet-forming 
layer; 

establishing a flow of a direct stream of the mixture 
from the zone of introduction in a downstream 
tangential relation to the pocket in order to form 
the upper portion of the sheet-forming layer; and 

simultaneously establishing continuous flows of the 
mixture forming the central portion of the pocket 
in directions essentially transverse to the direction 



4,283,363 
of substrate movement, the latter ?ows moving 
along oppositely directed flow paths from substan 
tially the center of the substrate toward the oppo 
site side edges thereof, whereby the mixture from 
the central portion of the pocket forms the outer 
edges of the sheet. 

15. The invention as claimed in claim 14 wherein the 
flow of the mixture from the central portion of the 
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10 
pocket is deposited on the substrate beyond the edges of 
the sheet forming means. 

16. The method as in claim 14 wherein the flows of 
the mixture from the central portion of the pocket ro 
tate during their transverse movement. 

17. The method as in claim 14 wherein the plastic 
material comprises a thermosetting polymer. 

* * * * * 
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